The use of electronic health records (EHR) is widely recommended as a means to improve the quality, safety and efficiency of US healthcare. Relatively little is known, however, about how implementation and use of this technology affects the work of clinicians and support staff who provide primary health care in small, independent practices. OBJECTIVE: To study the impact of EHR use on clinician and staff work burden in small, communitybased primary care practices. DESIGN: We conducted in-depth field research in seven community-based primary care practices. A team of field researchers spent 9-14 days over a 4-8 week period observing work in each practice, following patients through the practices, conducting interviews with key informants, and collecting documents and photographs. Field research data were coded and analyzed by a multidisciplinary research team, using a grounded theory approach. PARTICIPANTS: All practice members and selected patients in seven community-based primary care practices in the Northeastern US. KEY RESULTS: The impact of EHR use on work burden differed for clinicians compared to support staff. EHR use reduced both clerical and clinical staff work burden by improving how they check in and room patients, how they chart their work, and how they communicate with both patients and providers. In contrast, EHR use reduced some clinician work (i.e., prescribing, some lab-related tasks, and communication within the office), while increasing other work (i.e., charting, chronic disease and preventive care tasks, and some lab-related tasks). Thoughtful implementation and strategic workflow redesign can mitigate the disproportionate EHRrelated work burden for clinicians, as well as facilitate population-based care. CONCLUSIONS: The complex needs of the primary care clinician should be understood and considered as the next iteration of EHR systems are developed and implemented.
INTRODUCTION
The use of electronic health records (EHR) is widely recommended as a means to improve the quality, safety and efficiency of US health care. Some studies point to potential EHR-related quality and safety gains due to increased adherence to guideline-based care, 1,2 more complete documentation, 3, 4 and fewer medical errors. 5, 6 Efficiency gains have been shown to result from electronic ordering 7, 8 and from improved access to clinical information, 9, 10 which can reduce redundant services. Despite these potential benefits of EHR use, research has also shown variable impact of EHR use on efficiency, and thus on the workload burdens experienced by health care workers. Studies conducted in large health systems and hospital settings have documented both increased work hours for clinicians as well as more efficient delivery of clinical care, along with the unintended creation of new work and potential safety problems following EHR implementation. 1, 3, [11] [12] [13] [14] [15] [16] [17] [18] [19] A systematic review of EHR impact on efficiency concluded that "the goal of decreased documentation time is not likely to be fulfilled, especially for physicians."
Relatively little is known, however, about the impact of EHR use on work and work burdens in the smaller, unaffiliated primary care practices where most primary care is currently delivered. [20] [21] [22] [23] Additionally, there is limited data on how EHR-related work burdens are distributed among the various members of the healthcare team within these practices, with most studies focusing exclusively on the work of either physicians 12, 15, 24 or nurses. 25, 26 One systematic review found EHR use to be more efficient for documentation by nurses than by physicians, but did not distinguish between types of clinical settings. 10 We found no studies assessing EHR effects on the work of non-clinical staff.
Given the current emphasis on team-based care models for primary care, understanding the impact of EHR use on the work of all members of the practice team is essential for determining how new tasks, such as those associated with panel management or population-based care approaches, can best be integrated into these settings. In this paper, we report our observations of EHR use on clinician and staff workload in small, independent, community-based primary care practices.
METHODS
This analysis is part of a multi-method study, conceptually informed by The Primary Care Change Model 27 and the Technology Acceptance Model, [28] [29] [30] [31] [32] [33] [34] to understand how EHRs are used in small, independent primary care practices.
Seven physician-owned, single specialty primary care practices in the northeastern U.S. participated in this study. (See Table 1 ). Two initial practices were selected from a group of 22 practices that had participated in prior studies. Chart audit data were used to select one high performing and one lower performing practice, using a quality composite score that combined process and intermediate outcomes of chronic disease care and preventive care. Both of these first two practices had been using the same EHR system for approximately 10 years. To explore changes in work burden over the course of EHR implementation, we then included a high and low performing practice that had implemented an EHR more recently. For the rest of the sample, efforts were made to recruit practices that varied in terms of care quality and time since implementation.
Data Collection
Experienced field researchers, using observation templates and an interview guide, spent approximately 9-14 days over a 4-8 week period in each practice, observing practice members using their EHR, conducting informal and in-depth interviews, and collecting documents related to EHR implementation and use. Additionally, a multidisciplinary team of three researchers conducted a series of "patient pathways," in which patients were followed from the beginning to the end of their visit to identify how EHR use was incorporated into the visit. 35 Research team meetings were held weekly during the data collection process to guide data collection within a site, inform subsequent practice selection, and monitor data saturation. Observational field notes were typed and then read by the principal investigator at regular intervals, and audio-recorded interviews were professionally transcribed and checked for accuracy. All documents were de-identified and imported into ATLAS.ti™-a qualitative analysis software program. The Institutional Review Boards of UMDNJ-Robert Wood Johnson Medical School and Oregon Health & Science University approved this study.
Data Analysis
We used a grounded theory approach (an inductive process of identifying themes as they emerge from the data), 36 which resulted in our code book of more than 50 codes. Data from two practices were read aloud and coded by an analysis group of seven investigators. Data from the remaining practices were then distributed to five group members for coding. Codes were merged into a single database and several immersion-crystallization cycles 37 were conducted, in which tagged segments of text were examined to look for patterns across practices and to develop a more robust understanding of EHR use. Three consultants, with expertise in health information technology use in primary care and human factors engineering, provided consultation during the analysis process.
RESULTS
Based on our observations and reported perceptions of practice members, we found that EHR use impacted the 
Impact on Staff Work
Decreased Staff Work. EHR use in practices typically reduced work burdens for clinical and administrative staff by improving how patients are checked in and roomed, how staff document their work, and how communication occurs with patients and providers. Work burdens were reduced through improved chart availability, simultaneous chart accessibility, and improved communication.
Check-in and Rooming. One of the important sources of decreased work burden for check-in and rooming tasks involved chart availability. Many practice staff members praised their EHR for eliminating the time-consuming tasks of retrieving, filing and searching for paper charts. A nurse in Practice 2 (P2) recalled:
Literally one Wednesday a month, all personnel would systematically go through all the charts to find all the misplaced charts, as well as if there was any chart missing from sequence… [Since] we're in computers, we no longer have to do that. Misplacing of charts [doesn't] happen, which is a beautiful thing.
EHR use allowed staff to electronically track when patients had arrived, and to quickly find patient demographic information, problem and medication lists, immunization records, previous visit records, vital signs, as well as lab and other test results, without having to take the time to search through a paper chart.
I think it's great… Everything's accessible to you right there. You don't have to go searching page by page through a folder to find what you want… Like I said, workflow got faster, a lot easier, because everything's accessible to you. (Medical assistant in P1)
For clinical support staff with access to the EHR during the rooming process, it served as a cognitive tool to help them elicit the right patient information. As a medical assistant (MA) in Practice 7 pointed out, the use of EHR templates for data collection "helps to keep us on track." Staff Charting. Use of an EHR also reduced staff work burdens by allowing simultaneous chart accessibility. This feature had the greatest impact on staff charting, since staff no longer had to wait until clinicians were finished with a paper chart to complete their work. A front desk staffer in Practice 7 pointed out that this eliminated the pile-up of tasks, "so you're not really here at the end of the day trying to go through all these paper things … that had to be charted."
Communication. Staff reported that communicating with clinicians throughout the day via their EHR's electronic messaging function was especially efficient and convenient. For instance, in Practice 5, we observed all practice members routinely checking their electronic in-boxes because the clinician would answer staff questions and forward requests, tasks and information to them between patient visits. The receptionist in Practice 5 emphasized the positive impact of this new way of communicating, by recalling the past:
It took more time [before we got an EHR]. You had to write everything out. You had to wait for [the clinician] in the hallway to ask him questions . . . once he would answer the message, they had to type up the telephone message and stick it onto the paper and put it in their paper chart. (P5, Front Desk, Interview) She then contrasted it with their current process of communicating with the physician electronically through their EHR:
We communicate like this all day long . . . I like the way we just go back and forth with him [through] messages; you don't have to constantly be searching for him. It's quick. … He can do it between patients . . . so we never really wait real long for any kind of messages.
Use of an EHR also facilitated more efficient staff communication with patients. Because charts could be so easily accessed, staff members were often able to answer patient questions immediately and minimize callbacks.
Increased Staff Work. While EHR use typically reduced work for staff there were some instances in which EHR use created more work for staff.
Inadequate Infrastructure. Inadequate infrastructure was a common cause of additional work for staff. Examples included: limited EHR access, resulting from the purchase of too few user licenses (P1 and P2), an insufficient number of computers (P1 and P3), and use of multiple, poorly integrated software programs rather than one integrated EHR (P4). These conditions often required staff to doubledocument patient information, cut and paste from one program to another, and in some cases, they had to do work during their personal time to accommodate limitations on EHR access.
Limited Interconnectivity. Limited interconnectivity with other health care organizations also created additional work for staff. All practices experienced varying degrees of unreliability from the software bridges that linked the two major laboratories in the region to practices' EHR. Faulty transmission of electronic lab results was common and in some practices (P2, P4 and P7), a staff member would cross-check all EHR data with paper-based results. Limited interconnectivity also meant that diagnostic test results, consultation letters, hospital reports, and nursing home correspondence were all transmitted to practices by mail or fax. While the incoming documents/reports themselves are not new, the new mode of information exchange and storage has created new tasks for practice staff.
Expanded MA Role. Increased work was not always negative. In Practice 6, the MA role was expanded to include a variety of panel management of chronic disease and preventive health tasks that had previously been performed by clinicians. The MA followed clear protocols to complete tasks such as populating preventive flow sheets, tracking lab results, addressing patient requests (e.g., protocol-driven lab orders and referrals), managing patient registries, contacting patients for preventive and chronic care follow-ups, and, in some cases, documenting an initial patient history at the beginning of a patient visit. While these tasks created more work for the MA, the increased responsibilities and the title of "panel manager" were a source of pride and job satisfaction.
Impact on Clinician Work
While EHR use typically reduced work burdens for administrative and clinical support staff, the impact on clinician work was more variable. For most clinicians, EHR use increased the amount and complexity of work involved in medical record keeping, had a mixed impact on work related to ordering or reviewing lab results and on chronic disease and preventive care-related tasks, and decreased work burdens relating to prescribing. All clinicians appreciated having immediate access to patient charts and the convenience of intra-office messaging.
Charting. Clinicians in all but Practice 6 reported that electronic charting was more time consuming than paper record keeping and that this extra work created longer work days, often after hours at home.
The reasons clinicians identified for this increased work burden include: poorly designed interfaces, the process of selecting diagnosis codes during each visit, and the loss of "short hand" documentation that had been used in paper charting. In addition, EHR use often created cognitive interruptions that made charting more difficult. A clinician in Practice 3 described the problem, as related to his particular EHR:
[T]he acquisition of a medical history used to be very conversational: 'What medical problems have you had?' 'I've had heart disease all my life and I had bypass surgery and then I had two stents placed…' [Now I have to] say, 'Hold on, I'm just taking your medical history now.' I [have to] close this window and open another window to get the surgical history… So the conversation flow is dictated by the chart… it creates obstacles towards documenting the information.
Additional factors that influenced charting burdens for clinicians included the reliability of access to their EHR (i.e., Internet connectivity, sufficient user licenses) and individual computer skills and typing speeds.
The clinicians in Practice 6 were the one exception to the general frustration about the extra work involved in electronic charting: they routinely completed their charts in the exam room and voiced no frustration about documentation. An important reason for the different experience of this practice is that the lead physician had invested significant effort in thinking through office work flow and work roles to optimally support the clinical process. This included expanding the MA role, as mentioned in detail above. As a result, clinicians had less documentation to do, and were afforded more time to do it.
Ordering/Reviewing Lab Tests. Ordering and reviewing lab tests contributed to the increased work burden for clinicians, since the order had to be documented in their EHR and then communicated (via paper or electronic messaging) to staff members who then entered the order into a separate system for submission to the lab. Practices had a single dedicated laboratory computer that was not located so that labs could be verbally ordered and entered by staff. There were additional inefficiencies with reviewing results. Some, but not all, laboratories returned results electronically; therefore, practices had to maintain both electronic and paper processes and clinicians often had to look in more than one place to determine whether or not they had received a lab result. There were also delays in the availability of both electronic and paper-based results due to scanning back-ups, as well as unreliability in the lab interface. In those cases where lab results were available as structured data, clinicians reported a positive effect on their workload; it allowed clinicians to view patient trends over time in one glance, thereby eliminating the need to flip through the chart to find lab data over time.
Electronic Prescribing. There was a large amount of variation in how electronic prescribing (e-prescribing) was perceived to affect clinicians' work, with some clinicians finding that it reduced workload and others finding it more burdensome. This variation was associated with whether or not a practice had a stand-alone e-prescribing program or a program integrated into their EHR. Two practices (P1 and P4) had stand-alone e-prescribing programs, and the clinicians using these programs reported increased work, as they now had to document prescribing information into both systems. A clinician in Practice 4 explained one of the time consuming consequences of this double-documentation: "Sometimes I forget [some of the prescription information] by the time I get back to the other program." In contrast, for the practices that used an integrated e-prescribing module (P2, P3, P5, P6 and P7), prescribing was quicker and easier. Clinicians in these practices also appreciated that information from the e-prescribing module automatically populated the medication list in the patient's chart, and that a log of the patient's history with the medication was created in the process.
Disease Management and Preventive Care. In general, clinicians reported that tasks involved in chronic disease management and preventive care were not well supported by their EHR, and as a result were more time consuming. One explanation for this experience was that data could not be displayed in ways that supported point of care needs. For example, information about immunizations, screening tests, labs, medications, referrals and vitals tended to be stored on separate screens. To locate and review each required that the clinician click through a series of screens that could not be opened simultaneously. In addition, alerts and prompts were either not used or noted to be distracting rather than helpful.
Two practices were notable exceptions to this issue. In one exemplary case (P5), the lead physician chose his EHR primarily because it had a summary panel that provided alerts when specific care is due. After spending considerable time customizing these alerts, he reported that they have allowed his chronic and preventive care to be more thorough and more efficient. In addition, another practice (P6) paid an outside vendor to pull patient data from their EHR and provide it in a summary sheet for each patient to prompt needed care. Clinicians at both of these practices reported less frustration with this aspect of using EHR.
DISCUSSION
Our findings suggest that EHR use affects the work of clinicians and their staff differently, with staff generally experiencing a reduction in work burden and clinicians experiencing a more variable impact. These findings have implications for EHR developers, practice leaders, and those who are invested in helping primary care practices successfully implement EHR, including vendors, regional extension agents, researchers, and policy makers.
EHR developers should focus on supporting clinician charting, disease management and ordering/reviewing tasks, as these are the main sources of increased EHR-related work burden. The differing impact of EHR on staff and clinician work likely has to do with the nature of the work performed by these two groups. Staff work is generally more routinized than clinician work, and therefore tends to be more conducive to the structured format of an electronic system. Clinician work, on the other hand, is characteristically more complex and unpredictable, 38 especially in the primary care setting where the range of care is diverse, and the sources and types of information may vary widely. 39 Primary care clinicians deliver acute, chronic, and preventive care, and often treat multiple health conditions in a single patient. Consequently, it is more difficult to determine how such care can be best supported by electronic systems. As EHR vendors develop new systems and the next iteration of existing systems, the complex needs of the primary care clinician should be better understood and considered.
Our findings should also be useful for practice leaders. They illuminate where suboptimal EHR implementation may be lightening the workload for some practice members and where it may be creating more work for others. Our analysis suggests that because EHR use has been particularly helpful in creating efficiencies in staff work, there may be new opportunities to redistribute work from clinicians to support staff. This finding adds support to a growing body of literature that suggests that redesigning workflow and reconceptualizing work roles to make more extensive use of clinical support staff is important for improved patient care. [40] [41] [42] [43] [44] [45] [46] [47] There is increasing recognition that a team-care approach is needed in primary care, as the physician-centric model is proving to be insufficient to manage the large burden of chronic illnesses and increasing preventive care recommendations. [48] [49] [50] The limits of the physician-centric model of care may become even more apparent after small practices adopt an EHR system. Evidence from our two exemplary practices (P5 and P6) suggests that thoughtful implementation and workflow redesign can circumvent the problem of overburdening clinicians, while optimizing use of EHR as a tool to enable population-based care.
There can be, however, a variety of potential barriers to investing in workflow redesign. The most obvious is the time and resource constraints, due to the myriad of pressures often referred to as "hamster healthcare." 51, 52 These pressures are intensified during the demands of EHR implementation, and without sufficient resources, practice owners often focus on minimizing the disruption to patient volume during the implementation phase. Another barrier is that recognizing the value of investing in redesign requires a systems-level orientation, 53 not typical of either physician leaders or EHR vendors. When vendors do not encourage workflow redesign, they can be implicitly sending the message to practices that such an effort is not important for successful implementation. As long as workflow assessment and redesign remains absent from or peripheral to EHR implementation, practices may need other forms of external help to aid them in accomplishing this. Even longtime EHR users could benefit from such external help. As our data suggests, we cannot assume that just because a practice has been using an EHR system for many years, they are using it effectively or have implemented it optimally. One possible source of support may be the HIT extension centers. 38 While extension centers vary regionally, many are conceptualized around supporting new user implementation. In our estimation, supporting meaningful use for existing users is as pressing a need as helping new users with basic implementation.
One of the limitations of our research is that our data come only from the behavior and perspectives of practice members that were working in the practice at the time of the study. This has the potential to skew our findings toward a more favorable view of EHR use, since practice members unable to adapt to EHR use may no longer be working at the practice. We learned of one employee who had been fired soon after the practice implemented an EHR because she resisted using this new tool. There is also the possibility of recall bias, since we depended on practice members' retrospective accounts of what took place prior to our observation (i.e., recollections of the implementation process or work processes prior to EHR use, etc.) We tried to minimize this by triangulating recollections from several practice members. Our sample is small and geographically limited, thus it is not known how these findings generalize to other settings. Broad generalizability was not the purpose of this study; however, other recent research suggests our findings may indeed generalize to practices in other regions. 54 The sample sufficiently highlights important areas where EHR use has affected work burden both positively and negatively, and sets up further research in small primary care practices. For instance, it would be fruitful to specifically study small practices where clinicians report that EHR use has, overall, decreased their work burden. In this way, best practices could be identified that could help to inform a set of guidelines for workflow redesign in small practices using EHR. Such guidelines could be applied in an intervention study in which practices, perhaps with the help of an external facilitator, assess current workflow and develop a tailored workflow for their particular practice to optimize EHR use. Ideally, such a process could be incorporated into the training model that vendors use in EHR implementations in small practices.
